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Abstract 



PROBLEM TO BE SOLVED: To provide a method and apparatus for discriminating an 
etching end, which can perform an etching end discrimination for a semiconductor wafer 
stably, even if the semiconductor wafer has a low effective aperture rate. 
SOLUTION: A method of determining etching end for dry etching comprises the steps of 
reducing noises contained in an input signal waveform using a first digital filter 18; calculating 
differential coefficients (first-order or second- order) of the signal waveform by a 
differentiating process performed by a differential coefficient calculation circuit 19; calculating 
a smoothed differential coefficient value by reducing, using a second digital filter 20, noise 
components of time-series differential coefficients calculated in the previous step; and 
discriminating an etching end by causing a discrimination means 22 to compare this 
smoothed differential coefficient value with a preset value. 



Data supplied from the esp@cenet database - 12 



http://12.espacenet.com/dips/viewer?PN=JP2000228397&CY=ep&LG=en&DB=EPD 



02/02/15 



m&mmtiT (jp) uz) & H ^ |^ ^ ^ (a) (ii)*wfiwftH** 

#^2000-228397 
(P2000 -228397A) 
(43)&HB ¥^12^ 8 ^156(2000.8.15) 



(51) IntCl. 7 






F I 


r-7a-r(##) 


H0 1L 21/3065 






H 0 1 L 21/302 E 4 K 0 5 7 


C 2 3 F 4/00 






C23F 


4/00 F 5 F 0 0 4 










* * wpmome ol (^ 26 h) 


(21)UJH#*» 


ftR¥l 1-107271 




(7DBSA 


000005108 












(22)ffiHB 


¥j£H4p4H14B(19 


99.4.14) 












(71)fcUKA 


000233077 


(31)flBfe*fc£3B#^ 


*fWFio-34i3e9 






B&7 1 * y X>5?=7 U >f »SCfttt 


(32)«5fcB 


¥^10¥12H 1 B(1998. 12.1) 




JWC*ftfiCia«WIIIHT § 13»17« 




B* (J P) 






S# &A 










^*S»±?tTW#*»r502»ffi tfofc^lfcB 


















(74)ftSA 


100074631 























(54) ama>4sm xy^>^jS«^SR^xy?>y^w«sexac-en&^^fciaB®oxy^>^*« 



(57) 

miz&^z. x^m^-mm^mif^ji-y tivt i s 

mmcoj 4 Xfflt&s&f i??ivz> ^;^2 0tiD 
tx -y f-V^^.ifSrW^-f-SX-r -y Tk £-&t?x -y 




:(2) 000-228397 (P2000-22 48 



mm minimi 

2fj?>v7 iivfizx ^mL-xw-mitmrnm^ 
fr&XT- vrt. w^-mitmmm t $ titzm. 
t zmw^mzj: r>imL^'v^-yf<^m^:p\^.-th 

[ m *m 2 ] mttftmizm v * k ? >r x * > ^x 

t . m^mm%$w-?im j *wm.*mz x o^l 
x wmtm&Lx^mmwm.*ikih&x^>v7° 

t,z X *) tiM L x ■/ ^ y mm&Z Wfet h Xrf -y 7 1 £ 

[ if 3 ] n^3S i £ fctt 2 ie«^x - y 
3&?Mzts^x. x^m^mm^i&y-t ymmzx ad 

^BWE^mLT^&^-r-y^J;. 1« -y T T** 
^AD^Sf^ATJttEEVo ^DA^^iJ:*)^ 

-ri.^^'yri:, x^m^coms^.m^my-t >mmz 

7 7L M^2-9<7)Xr-y7°T^^fl;flEffi2r-o^;-^§ 
Xf >y Tfc Sr#tf x v j-y ?%t&.m%3jm„ 

Cl»*fl4] ft^3l3t3|a«WJ:>y^>^^fiJS*& 

mhrn^-co^y-t-y bmnDA^mm^mmx o 1 
[ mass 5 ] m i * fc« 2 tt Eitox -y ^- 

m&imzii^X. Xvf-y^atfOPSSr^iiJf^^. 

t77fc, c: comn^mzmm^-mim^mf- ? t 

—9 1 ^^fl^timiE-thXy--y T^tf X -x f-Vftik 

i tmm e ] if 5 iztmcox. -y^-y 

<7)Xf -y Tcn^-m im^^hm^^Z 2 Xf y 7Ttf 



im&tom SrftA-T -I. -y 7° £-£frx -y ^- 

[ii^3S7 ] mM.&nmmfr.nnzmr'-fi'ZX ox 

•y V^ftjft** ISt- SX -y f - V^*flJS^^i3 

f sss 1 * u ^ ^#ak , w&mm 

as s^aflaso^fiyflf-^ fcTSftaoa-* - ** 2 « 

[ff*«9] ff*ja8fa»^x-y^-y^^fj«ga^ 

tiBJEtZ . 1 "f'J^t^y -i iv? 'J yfMlE^&t . 
ffiaa^«ff«IE^ak . f2f^*7 < 'J 
1fl#ak t &WSjk-rsx.y f-ym^W 

gga» 

[ff*« 1 0 ] «3l3SaE<^)aflHR<Oi^»Wr-^CJ: K) 
x y -f-^ir co^$rfl^l»x -y ^-y^jSW^SB^ 

st. mi%miti^zmm<m<nm&mT'-?^±<>z 
lifcSJSi n «*3a8i5K^x-y^-y^*#j^a 

at. ^m^tgfg^coHf^sr^^Bgegr^aixa 
miffljzmt Lxmm-tzy-i y^^^hfA ym 
ymzTTvnzmL%ti?ti 3 &%.-f$> d AUcmgszm 
m%m 12] y'j^ ^iftfua^fiBwws**^*^ 

i ow-kM^-S-tfjeSMcox-y^-y^^rfectJV^t, 
11*31 1 =Sr ^ L 7 ld«c7)x - y + y jti&n&i&lz x o 



!(3) 000-228397 (P2000-22 48 



x-y^y^S. 

ISSlcox >y f - i0i7 f - 

v * L 7 !eu$?)x -y ^ y^jSWSESac i^x-yfy/ 

^T. ByfS^^yTo-fex^xh-y^'-a^-CiT)^ 
C lt*3S 1 6 ] mm 1 4 tclHK^x -y fy^fttfe 

[0001] 

Ttas^Sa&y-f-^tSrfflv^^x-y^-y^^at^ 0 . 

^Hteffiti o t*aj-r s <ok# ®^rx -y y^j^w^fi- 

§ 1 ow-kliWJ,^. 
[0002] 

&fecomcoji-yi-y7mmzi¥^T3£{ki-&. zzx\ 
^f*-7x^ox vi->7mfi.miiii>m<vi-Dt lx. 

> £> . K y A x -y f - j^aogtf 7 X"? £> 0# 

*3t*»*&i: lt{±. wiif , mmm6 1-5372 

8-^&fR. =f$S3BS6 3-20053 3^mm^htl 
TV*S. mSBS6 1-5372 8-^£$ST'f±^«FF%£ 
IZX 9 » #(jPS6 3-200 53 3-^$gT-(i 1 

4. 

[00 0 3] h^T. T5X-7»«t:J:9x.yf->'^ 
AOtrax-yf-^^JpJ^SIBJi. *7*J\*9mth 

mmmmttmmizz vmmm^fr'mt Wx&'^w 

E63-25473 2#4«Bfc:iE«<Oj: 3 tc, Lfc 



7-fc •/ hmisatri z t -cmus^wsE l-o^. 

&tz. Wt&n&¥4 - 5 7 0 9 2^&*C3Stt*>J: o 
*7*vhiHHBtB*fflllrt-6£i:$rU:. 

[0004] 

it. «m«^ffv^p^(4^^'7x^coax.yf-^ 

u yym^zm^x^ - y ^yy<F>m&zmmzm&-f 
fc^'ja >mimx'temmmtf±* < . mmmnm-^ 

nAifi*ffl?$%<%:->X£ti. ZcoM&mtLX. ME 

(jaa. i ow-k«tHrri,) wfifflt L-ca^^w 

mtm&ZtlXZX^&tf* fztZ-tf. /IfiJSemiconduc 
tor World 1998.11^-07 4 ^.-ytlB^COidt', *| 
Ig^l ow-kI«FSG (k=3. 3 — 3. 6) . H 
SQ(k = 2. 9 — 3. lKXerogel (k = 
2. 0OT) #ft£*l.-0**U %«Jfil ow-kJKi: 
LTJi. SiLk ( k = 2 . 6) . BCB ( k = 2 . 
6) . FLARE (k = 2. 8) , PAE (k = 2. 
8) ^tlSOG (k = 2. 8-2. 9). HSG (k 
= 2.9) tcZ&bh. 

[0006] Sfefc. low-kiifflV^fcfctt. 
v >lHt: i & raft 2r ^Tlgtc-T h ¥ v >r o -fex*^ 

[0007] I^y^Dt^tll, 157^ i^lEISra 
*J±tf«ra*5*e»|imi:$r-& l ow-k|*MLft 
r9X-7x.yf-v^fcJ:"3E4Rffl<oaJ*mL. * 5 

^^X-yf-y^l.* 1 . fe-l-VMi^SX-y^-y^'-rS^ 

X'hh* nffttltt. I ow-k|l;1^3y?; 
h*-^?:r5Xvx.yf->-^T^-rS^S^S„ 
M77X7I .y f - >-^5: ftffiST & 



!(4) 000-228397 (P2000-22 48 



[0008] l*>u m&mmzMftttzt lxw^z 
m t KnmRizmiti' 'j n > m zmx t x x - y * > m 

-y^-mt LX^h. ZCOtzth. Xh-y^-@<DJB 

tzwz^ i ow-kmt^'y^-y^mm^mm^ 
t'commtffo *) . m&x'nm^ o a ym&~mMt,z& 

[0009] tfz. xh-y;*-mzftALxt>mmzm 
<-r&zt immmm%ucom&frt>mffixz srv 

X -y y^'jifi 1 LTX h >y ^°-Jf tCjt Ltzti^fr £ iE 

ze>izmtst><ii. xY-y^-m^nxL^mmx'h 

m^xit^-y^y^tmrnt^^xi^. 
cooio] &tz. mm^-y^y^mmx^i. xyf- 
y^zm o iz-tiziiixx. •y^-y^mm^T-thtct' 

nW^m^ittimhixX^h. Wr&lzZ-iXlZ. Xv 
f^I+Wh'yrULI oi%iihh*). torn 

mmmx&z>. ztiiztutx , x-yf-^agoumf 

(V$m^--9-<F>frX*hl><, Lfrh. x.-y+yy&ristf 

•cttSrv*. tmmx'iz. m^-yi-yymm^i 
%WFcr>m&tf§><. ^•y^y7izth%^xmL-fz> 

[ 0 0 1 1] mz, 1&kmP>3yfi7h*i-JUt:&JiZt 

<o»x y^-y^mm^i %&Tk'j'-%^fz&. r5X? 
[0012] x&mnm 1 ^gwn ffiiacflw** 

[0013] *^BJ<7)m2c7)BW(i, y'yX-?mmcO. 



^^»jfi*«iaj-t & - 1 T\ «^=5rx yi-y^mmi% 

[0014] *%Bj£Ofacoaw(±, ^^jK^vru 

< -r^ i: oti *x -y f-v^-^f j^as^g^a 

[0015] *»Bjitf>te<oBWH\ y°^x-?tmm^ 
Mz~>fzztz®mz^>yi-y7 , wmcommtLx3tt 
-r&zt <dx'Z &x vT-yrm&mzjTmRTfmmzm 
m-tzztizhz. 

[0016] tt&f&mnBmt* X«i 

Kttx^-f^*fflv\ %<7>m&*mmLxy-?i'y7 

u-txteXTf-tiVyT^J y7°u-txcr>3^.yj-yy%ft 

nmzm^&^y^y7*m*Wi&-tz,zti l zh& . 

[0017] *^c0ffe<^BW(i. ^-?->yya-tx<r> 
LTx■y-?-y^ J SS:^* , ). ^of^J'tx?- 

b -y^-mizmttzmmziEmzmfe-t&z tx-w^m 
[ooi8] ^wm^nmt. /7yyrom 

ifi»^x -y f-v^jWi«|{cattr<0* SPM L. taM 
ttfgffiT^ TOJ^-S i k izh h . 
[0019] 

x y ^yj/cox y i-yym^M^mza^x . 
7t{±2<K) ^sxfv/fc. i$i<r)x ; f-v~rx'$&>tz 

iz£^imLx^mmim.m*i£)sh&x7->yTk. m 
¥mitmmmt^tbiSL&zh.tzmt &m<&&£* o 

Jt«Lx •yj-y7<o!&&Zmi£.-f&Xr- -y Tt Sr^rOJ- 

'y^y^m^M%-nm^zhh . 

[0020] *H^fl!i^M9{±, ^Tc^jKcoaSSt^) 



! ( 5 ) 000-228397 (P2000-22 48 



[0021] #«E*)ffitf>#a»i. fcJfciHKffifcffl^fc 
b' y y( X y f - V jSWSKSCfc V , 

^-^^Titfl^aia-tiS l <nfJ9>vy a tV9 'J y 

[0022] ^B^B^uowatt, >maM*& 

[0023] *fMJJfc: ifUf . $&3fc«ffitf>5Efl:S»*ft 

< wai-r a - k a 1 "?* & «f - *< ^ x 

flit; tjv>"c. ««sscStB5aaw tuS k aaKT ^ ? ^ 

[00 24] x-yf-y^5!!ffla^«ffcH?©c0T^ 
*>J5&& f »r§Bfc i 3r*. 

[0 0 2 5] «^»**fc*SV^T, X-y^-y 

fcii. ^Kssnfc^sMaatifBWir, x-y^y 
y^m^m^n^^z-i-^mtif^^^'t^ 

dk#T-#£„ 

[0026]^, *%mz iti&. ®£M$LZiEmz 

mfrez&cDX'. B#^a^x-y^y^'^JtKLT, * 
^ *w*-x-yf-y^i$H£8*rcs&*>-c\ 

W-77M6li«tiS. Sfcfc. x-yf-y^ 
&*)**3fe££*8$fc:|»jt"C § * k v ^ & • 

[0027] ttz. *mnz£tM. ast-fiftHF? 



[0028] *^W^.W£v-^T-^2rffl^ 
* d k K ± 0 «B#HT'«@i{iA 5 "5ItgT'S> 0 , Lfr i> *> 

f - y^Tffll^h* V ««BtX -y f - y ^<0»^* KCaSffl 

[0029] 

■y f-y^HM l &tfx -y f-y l 0 
[0 030] x.yf-y^SSBll±, X'yfX/fir^ 

mzX r )^MLy'yX-?b^'o. znryX^zk*)* 
aa^aiou, ^^^x^wx.y^-y^a^tx-y 

M^Btajsm ion n.^t^ «ra» 

088)15, y>f y(**BK)i6, ADtMl 7, 
*?*J9)V7 -f /^HI» 1 8 . «fiR!8Sfl»EI» 19, 
■9)V7 J)V?m&2 0^ RAM 2 1, f"J^@S§2 2. D 
ASa«»2 3i3J:^CPU3 0*fiiiTV^. CPU3 
OT^fSiX^, ^— hsf^-b-y b/^ - — h¥4 >®M 

yrmmRV&aMizmwiznm-thrvT'y^i* R 
oM3it:«f**ft.Tv^. 3 2ii^teii^a, 3 3 

[003 1 ] 3l£«iaJ» 1 1 li> x 7fy»l:i7 

*fg« 1 3 ^vIX 0 iitf . flX 0 ^Jt'W ^*<50^3t 
^Jg{±, ^fllTmm'f 1 3tcJ; Of63lfflfiJKCi5t't«a[ 

ti&. 4fc I V^mfs 1 4C0«j±fS^ML-CH«)illS& 

(jj-7-fe-yb) i 5, *©Bi»(y'f y) 1 6**»WS. 

[0 0 3 2] AD^Sffl 7t=±*)-9-y7-Uy^fe^i: 
LTaj^5ilfcW±^ ^^iJx-^y i k RAM 
2 1 BSa^O-f-^y i tif^^^7 4 iv 

i k LTRAM2 1 (CJRIflSilS. ¥»#^iJt-? 
Y i (i, ««mH]K 1 9 IcJ: Otftmffi ( 1 

ft, RAM 2 HCJR$fa£it&<. W^itfflWB#^i]r-^ 
dill -f^l^^E^OtCir,, Tji-fkMS 
S^TftftiaflaW^^T-^D i k LTRAM2 1 tiZ 



!(6) 000-228397 (P2000-22 48 



1 ftiztmmimmi- i 9&tBfiwi§< & y » ^ x;\ 
mi 6<n?4 y^-m^t^^t^ztizx*)^^^ 

yi= I i + di 

ffiu i u&^yjz-v b-ewi&y-l y. dUtty-t-y 
h-tfoT'ftV^M y. 

[00 3 51 SC, 3(£»KiJ« 1 1 0-bVXflLEIS^^fa 

yjMrt>mtz (io2)„ t u *EK^B#taoB# N 

-feyxHJEt&go^JiCiltf (10 3) . -tyxmEm. 

^mimcoma , b^ot - ? y i a^Aisis $ n/s 
4 vjjui^j&^jBrrft (io6) . Bf^ij 

-r-^yi^VJJLhcofcSti, -b y^mE^^x 
y iaWSjeSftifc. Btf.tr 0 . 6 VjaTfcSQS 
n(107)„ B*36yflT-*yij& t 4V*S}tf)fc& 

[00 3 6] f=flr*>^. SBiaaor^'^^^^^fc: 
J: 0 y -i XfcffiiS L . TffftBWJT- * y i 

(108). mz. mtwrn <s-gs) ^yfi-f-is 
mcowam < iifc*fc«:2&) di^s^-g, ( i o 

^iJr-^DiS:^i6S (108) . *LT. ^*>ifc5£ 
yi — ysO^ys^yi + ysO 

mmm t . ^-^aus* h z t tfx-z * . z 
tnzx^. ^m^m^nmizm.mu^Mzm^.x'^ 

[0040] -tf-yr y y^w 1 1 ^tUMil *tf 

HEIRl 6<W-f yfcAD3S*8l 7 i 9 IM 

RRSii*. Wxif, yicr>mmmmt^mmK±i 

0Vt«l 2t' 7 h«AD»Jffll^, A 
'MHHWEJ44 .88mVt*9. 2 . 5 

V<03gS#iaifft8*i. 0.2% (0. 0488mV/2. 
5V) t%K>+ft%®iiimmz%-oX^%\,\ *ZX\ 

y fl £ STOW" & - t J: 0 «l HJ »«0>S«ffltffc* ff ^ . 
[004 1]l3t. ^t&IU&Sl 5c05r7-fey hfl$ij» 

tvry y^uifrfMs- i o o k «k 9 , i-f. Utt 

08&1 5cT)jj-7-t -y hffi^-tfOtCf&g (10 10) , tf 



[0033] x v f->^«safflj&tffv\ ty/'jyy' 

HKWfr^tfHiSflS (10 0). X-yf-y^OiiffClft 

comnnm^it. ads^skj: y-9-yry y?w i 
A/D^B$<7)^-h^7-fe-y y/*-vfi yfflmz. 

H^X. 1 ) OlSiRW-f— *yi£**>* ( 1 0 

1 ) . 

[0034] 

( 1 ) 

3itfc»j£^W^L£fflVvt\ (Di-L) * (D 
i-!-L) *#tf>4 (111). 

[0037] iJct. (Di-L) * (Di.j-L) fir^«0 
ff3 (112). -f&fc*^ ftTatflfcHlfcWeU 

yry y^£*rrr£ (ii3) . tu jE*>*itf*M» 
(oxt'/zi o i izm&. 

[0038] ifctc. -fc^WEK^UWJBl (103)? 
T , ¥ft-ftn#^?'Jx - ^ y i iff-tffl&ZtvfcWfc yst 

%&*yxmK*n&^%> (104). s&fc. 

iut-fc y^liEtfc v . TW-ffcuS^-r - ^ y i 
<>E* ( 2 ) fiOi dfc, fAlftj£$n«:«Eyst^-5r 

«E?r^ML (10 5). fttw^fvn 0 1 tcM 
S. 

[0039] 

ysO=0. IV ( 2 ) 

wew 1 6 <oy-f ya« i ( 1 o 1 1 > . a 

D3Sa«l 7(ci0^tiifl-^c07 ? > ; ^^ii$ixfc-9- 
yr y y^fi^- 1 ; znm-th ( l o l 3 ) . z<r>*r 
yy'uyym-tji > $-ram2 iizitimt& ( 1 o 1 

4) . 

[0042] mz. cpu 3 ojiHuie-tf y7° y y^'ft-^- 

tli £fflV->T. DAS3ft«2 3J:»)iaBlllBH 5co 
*y-t-v hmZMbfe-tt (10 15). *igiu 
111 6<tmm yttS^ftSffiSiifcfltSft^-r* ( i o 
16). a^f'/TCJoV^T, 3t^aisi lco^tb 

0SS1 6£^tT» AD^#|1 7tz£ t)Ti/?JU$m 

tyr'j y^fl-^A i s £K#-r?. ( 1 o 1 
7) . ifccox-r-yrtcfcivt. CPU3 0{i-TT(ClRtt 

(1018). CPU3 0tJJRtt3ft&i$jRflT-*y 



! ( 7 ) 000-228397 (P2000-22 48 



[0043] h^y-t -y MMfSPti. 

i ) jj-7-fe-y hmtmmmmmtnmzi: oA^fe-^ 
[0 044 3 2) x^m^mimim^-vT. 

3 ) #7 -fey hfi«AD3a«<?5^>f V*Wf4 ytf££ 
[0045] 4) mmW^CO*7*v hffitiDA^Jg 
[0 04 6] ^BB<7)3r-h^7-fe>y h^HWii. ADS 

[0047] -t&*>*>. **K0*-r -y7"T\ A^fl^M 

»it01[I]ffi^OA7)*JE£. DA^|»<04M»ffi*#Jt 
LT, ( 1 OmV^TSrWt) . £^>t, 

^■f «y7*t^*«>fcADSaft»^0A*«EV 0 Sr. DA 

[0048] $ h t . AJiii^mmwiBZfihyj v» 
fftrCADSSftU ^wft-tmsv! £s»gc#*> 

[0049] tE: V = V 0 +V t 

m^ti-xmBuzAD^mnt^i. tt*>*>* ad 

A^^^A^^^^** * • 

[0 0 5 0] ADti3{tl.b'-yh*^bmM2:ffi 

I=Hv s (M^.(a'a 

Hv=50XV+400 

mAizttvxw&-tz>XA=FMti!mi 3p)mj>zn& 

V, =Hv 0 /5O*Exp(1/ 
(fc<fLHv 0 =50XV 0 

cotU^l«JE. i d i±*«^tifg«^Bfttol(cJ:|,ai^« 

v 0 \i%cr>mcr>-ty^nB.X'foh. 
[0057] ftm^f^tii^msfi**** *) - * 



tPJ5TC#£>. 

[005 1 ] £*5. *«HB«3r- h*7-b -y h*9W±, 
E P D¥<7)fif!t'ltn< . vsM TXfi^-, E^fl 

si. 

[ 0 0 5 2 ] 04 1, si-7-fe -y MMWtsilf ^J® 1 

t. *^Bjc7)^7-b-y MWfflfciV^ yfflffl$:?r-??z 

ti 9fftM3aB«^a6W»0.59(JJ: OWO . 0 2%tft 
«ffiWft»5ll7 ! -^*«]t^<*«>4ifc* 1 ^' x-y 

f - y wmnitk&we. t&tmo m^ifih 

j&Etfr'fi^ftT v •> a tfffifCJi „ tefihWr- ^ y i 

[ o o 5 3 3 act, -fc yx*El£5£^yito^Tl£0JJ 
-fS. HlKtJWt* DA$ctm2 3Z-frLX%M7-m 
fg*l 3£HrX*ttE££Hfc:3-£4i:* 3K«-?*tMW 1 
3Wtti^i*ff^fflfflIt"S-S)» 06 1, fttt^iite'Sl 3 
Wtite*#tt ^^-T . ftttffitfgf 1 3 <7),ibmEH v t 

[0 0 54] 

= 7. 5) (3) 
f 13 cOl^mEH v $r*^& Z t tfX'% & . 
[005 5] 

(4) 

5>;3,^4J;D^5tT^$itl). 
[0056] 

aXLog ( I] /do ~Id ))~8 
+ 400) (5) 

mxh^^^coxoi^z i o fre>mnffi.(zx&%M. 
^mmv(omtim&i 0 ^ i: *^«» 

[0058] ZCOVSmffiZ&ib&fJ 5 yfXfohtf, 
m*J£*? i y^'^Af*T7Xv^4iHtita!l5£ 
■tS. i t<{i r >x^*^ J c>' y,i: ^A$ix"CV^v^B# 
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act-*- h um&$> & . 
[0059] a±co^mv>£isbfz*>Am±v ! 

[0060] -tyxnKMmfttffo o , -t yxmmn 

t-t&xxrmt&'Bi 3oaj*«£E36*2vc*-ofe* 
Suffix 2^yw y*&fct-&zt(y4 yffiiE)x\ 

[00 6 1 ] 07 tC. -feXXflfflfi, 



( 1 0 



n^M^ (1031) ci 'om&.^y^ms.mM 
#(io32) t5Xim&.<7mmmwmm < 1 o 3 

3) 4«Jgm#*««itfB««Eia2VK«r6J: 

ft3*fflV^T-fe>^«EfflSr*A& (1 034) . DA 
33ft» 2 3 J: Oftm^iffSW 1 3 tc*ftfc-b v^«fffiS 
L (1 035) , ifflS^S^Hix^^^S^ 

mmtsm-o ( 1 0 3 6 ) . -ecoa, Bn«Effi2 vt 
m&cr>*m.Bm^mk zim Lmmmwxnfrz 0 & 
comm (1037) z^mmuftxhtiix-tyxmrn 

VtTk-tl (10 38). 

[0062] iftgAqB|S*ttftTVv£»&l±. j^tco^ 
«ULhA»if a^^SffV^ (1 0 3 9). S*ffiJ3Lt 

ssztrmyj ymzmr. wvws.) t < 1 04 

0 ) , ■tyxmmRtfyj ymjEMTt-ts (104 

1) . ±aaj*Lfe-bvx«Ett**fc*:ffii;^:oTV^ 
ttfUT, -b vxtBEfiiJgftj: OO.l vif^S-tf-tey 

Yi=blyi+b2yi-l+b 
-[a2Yi-l+a3Yi- 

J: 9 MMS* *ryy°Vy? 

mm.m.1 oh z , b*?ffl%m.i hzob$, a 2= 

-1.143, a3=0.4128, bl=0. 067455, b 2 =0.13491, b3 
=0. 067455 t&l>. 

j=2 

d i =2w j Y 1 + j 
j=-2 

d^T', w-2=2, w-l=-l, w0=-2, wl=-l, w2=2, 
ftite, ##5:®; : A. Savitzk 
y, M. J. E. Go 1 ay| "Analytical 



£fj?j-f& ( 1 042). •fcyxaSfcgLfc 

B«3KU: (10 4 3) T**itf-fe XXMSBftT (103 
8) fcU 3B(aSffl*8tT2bMr. Bgm£Effl2Vi:^ 
toOdfeMTgft-^ffiiOJtK (1 0 3 7) ^D^-rt 

[0063] 18t*yxfEfcj:^M y*EE*?r:3 

*Ui0 7 ^ Lfe t) <5D t |bI«T'S> £> . -fc ^^ttj&«3j--y \* 
-7o-U^(1 039), l>L<\H:yz.imtZ 
— ©SIS8i»L;fc*£ ( 1 0 4 3 ) Ji, B«i:-r*£« 

morn jjni±. muz 2 v t m&nzM&m^-mcoitz 
[0064] -e^^-feyxflEnt^^yrttc 
y-i yiimfemcD&£b~t&. zn&zxiz. Brno 2 
mx2vt ^co^Bm^-mcoit^m^ t 

OittCj: D-feVXpft^T ( 1 038) t-rs. 

[0065] a±*mmmcr>^-y j-yrm&mfemmx 
fto s / n jt&tXHf«sfE^tiiiso ii'^o#^fflti,>rt 

o-T i> y^ yfg.X'WlE , *fc«Bilffi*«Ei:Sftaj* 

i i u: -y + yym&mfcZfi dzb * . 
[ 0 o 6 6 ] @9 1 J: K> , *«BHoT»ftaffi» 

-f^^HSSl 8t LTJi, 2i^A^7-Xi(7)D-A-x 

^K,t "JTS-ft^jR^Jr-^Y i ii^ ( 6 ) CJ: 

[0067] 

3yi-2 

-2] (6) 

[0068] 2dtmmm<vmmmT-? din mm 

[0069] 



(7) 



Chemistry" 36 (1964) pl627 t 
[0070] WiEftff jfttt<OB&B59-r-* d i arfflv^ 
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x , ¥mttmGaffi%MT-?D i \i^=j9)vy 4 >v9 

( 2W^9V— xmnu-^xy 4 )V9. (IU 

Di=bldi+b2d i-l+b 
-[a 2D i - 1 +a 3D 
010k:, RMfflbLX. x.- y ^-y^cofc^.mRX/f 
i/9)Vy 4 /I^BJSl 8 t T i>9)Vy 4 /U9W2 0 £ 

mmL^X'^fz2im^^^]f-^ d i 

<K»fl8W**#lT-* d i *»4>ii» X<r>fz^to'¥\ 

[0071] Hi it. *$tmzkh^ : J?)Vy 4)V? 
8fc7 f ^;W7^;^lEl8&2 0trffifflL3t^<7) 

WMM-mm 1 9 >r 1 8 b t=J9)V 

-9 <n j 4 xzwmmzimx'Z & . * » 

[0072] *«^8<Oflfc<r)|aiWt , 112-1145: 

v>j4 xtim-otzM&towmi / z-z>^xmw-t&. mi 2 

{±. B#^2. 5f£~3. 5^C0^ZJWX^cr,J-i Xtf 

m^> tzWristoffltommMcommmmz®: o r L?t 2 

Hi 0 , TW-fb^NRJflr-^ Y i 

[0073]flt. *ldtWCtt0 1 3 7^7 
At^TJ: 0 (c. Tit ^adStflawSSyd-r-* d 1 tt 

& . 4- , i = mTI»«*<5te , T : J9)V 7 ^ 

?liYm-l=ym, Ym=y mfc-ftA£*t&. &?z. 

i =m+l^f77IT1iYm+ 1 = y m+ 1 fth. 

i =m+2^^-y7°a^Ym + 3(i, mffE-f ^'^;P7 4 
)l>9®$&lS<7)2<'K^9 T ?-Xn—J-<Xy 4 )V9 U >^ 
©atcj: 9jS#>S. i =m+3Xf--/7°gT(i, Y i<7) 

5.£T-^f]£ffiv\ fiHSR»ffE» 1 9C£ OWM* 
fi^^Jr-^dm+l^jSIIICL. ^Mdm- 

1, dm.SyDm-l, DmCftAtl., 

[0074] ztit><om*m^-z . wfbHrasft 3 ! 1 * 

fta^»B*^?!|-r - ^ Dm+l&3»S. i=m+4« 



r>-'^^7 -<;P^®S§5c0a, bm$ikl±m%:'>Xi>& 

(ciO* (8) fc:iO*A4>ii4. 
3 d i -2 
i-2) (8) 

S^*^3XT--yTBJ; iJ»*^l:36*'CS6. 
[0075]H14K, f&iES«l$8ffl£it£ Lfc*^> 

*rf. Hi 9 2<W»4J-€<0-fe*ntaaW4i^lBl (Wkx 
IR^SIS* 1 » ^%£Ji 4 . 5 0 , 4 . 

5 6#i:$:ft) tiK Ml 2 tm%K). J: OjEWt*i-o 
TV>|> S^B^MS^tfd^i: 

•y f - y ^acoftAWSt^tff ^ -§> t w a 

[0076] ^^**OTL. « 

MI (S-Gffi) SrSffltTV^^, ^«-^(^4 

a^/-f x (%sem : w>i'a -/ vs^x^ y°?x~?3t 

[0077] *mm9MMBm££ta£* t-r. xxm 
w$m*w, i "r-jjiv 7 4 )V9 ic £ *) y 4 x*m%? 
h.mz. MMom ( s-Gso <,zx vm-^wwcvftm 

y 4)V?t,z£ *)i&m-&<, 

[ o o 7 8 ] wawfc: 

[0079] -^S:^*>. m^iiT^bfi-^-^^wsM 

A*ffiS«uaT"C*>*uf . e^coxT -y 7^Fi -fbfi^Wf 

3 1 1 . ^^fflfi-^ t «4Ht¥»-(fc^#tc«- L » S - G 
ftco^X f -y r ii*tcT* J 0 S^ott* RAfl. . 
[0080] *^BfloM^B#MS^J:il«i\ nr : J9)Vy 

4 >v9toy 4 iv^m^um-thzt^zxn . jax*& 

[0081 ] 4^:, s-GS«aMffl:J: 1 

mnm&<nTihmfflftw®&x>z , a^n$ 

[0082] ^Bfl^SS^SCitLtf , ftM^M 

commtE^fr^m&yy?'kcDwm^i&X'hh<, t 

fz, 7 ¥ 9 ivy 4 )V-?®miT J )-r39"y 4)V9tW£ 
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>5. VvyCk£fc#£8BMa3fc«*&*4. 
[0083] *56W>ffl^)Sia5««. MOHM^J^fc^ 
4a**ffitBW-*t><0T*ft. SIS?, x-y^-y^a 

^a<o =£ - ? aw t aflaftn* - 9 £ mm tx v * 

6. =E-^Bffl«» Hll.Bl40(b)» 

[0084] g*j&*$^Ljfcll*j£m&tf m- 1 T<?5¥it 
fctK&»$S$5IJT - ^Dm-L D m ii R A M 9 fcffi IE 

^J-f-^Sr^SJtWcfM^ix*. LA»U x-yf-y 
iiifciO. x-y^-yj/S^*^-^ 

[ 0 0 8 5 ] liUb. *H]|£0IJc3DX .y f-y^.^J^* 

*63lMO^*ftfl^ 
Stf>T\ **ffi5rfflv^x.y^-yi/^W^ai*fe{i 

[0086]H15(;=. *$|Hjlofl&<9^Wc&&>l&5 

»£o Jtttfc J: 4 f^Wt *■ o . 
[0087] i7fy/«W:ffv\ tvr U y^ 
H*WMW*if!3;h.6 (10 0). x -yf-y ^itflt^ 

s. zcv/tmmmt. AD^tm^x^y-rvy^ 

ft#I i fcUfy^Htfi^tl, RAMtJRttS 

A/DSiB$w-h^7*7 v/^-v-y-i y 

(WWtf&Sft* (10 1. 10 1' ) . iJCK, 3fc8iai» 

1 1 o-tyxmEis^spraup'g^wwf^?. (io2. i 

0 2' ) . *ElS>£B#f§Ic7jB#. -tyxmEEIS^ 
MS (10 3) fcjttf . -feyxHJEf£5£i$|»*<7)B# 
f±. B#^Jr-^yi. yi' **4VjjU:A*g*>!|s|BBff S 

(1 0 6, 106' ) . b$^iJt-? y i . y i ' * s 4 V 
UUKOfc&tt. *yxtK0. 6VJ3lTfc:S3E-t6 

(10 7). vmPl-r-f y i . y i ' #4 V5faH<7)fc £ 

[0088] -ftSOfllTtt . t-f . B#^?iJ-r-^ y i 
iyi' k«0Jt**aj^4 (120). Jgl&BOfV 

yi£#tf>4 (108) . (S-Gffi) 
fci*?^#»»<0«^R < 1 2<X) di£;j<#> 

I. (10 9). S JJEi^iJaffiRiS^y^ X 
2agc0r> ; ^^7 <uV9£.3l OflSSL>t¥»^ 
«<^B*#5!lT-*Di < 1 08 ) . ^LT. 



L) * (Di^-L) (111). 
[0089]iiC(:, (Di-L) * (Di.j-L) ^<7) 

ffo (112). -t&fc*.. firftnjintwsu, 
yrii y^Srirrf & ( 1 1 3 ) . t> u i&ixtfgiu 
<r>x^--yy\ 0 

[ 0 0 9 0 ] Srfc. -b yxmEES^^S (10 3) 
[009 1 ] tUi^ / <^3t=^0^*¥'MS^Xr^ 

LT. ^'vyy7°nj-tx*3 c fci/ : -b^7r7-f y/o-fex 
cox .y -f-y ^fcSttftfcSgiirt- z t 

J<4 A0m&7u±x%WLm*&£-?. 01 6*^H1 

9 immitc¥-?i'> Tu-txcoxnz^ t t cot-* 
&. 01 snwrs-f yfi7/^-7yy. Hi 7 

67o«. HI 9teKtm<n*&ftmffl8f&ZixX^Ki: 
\,ii$&<r>7u*iXX'fo & . HI 9CiL!t7o-fexiiS 

kM»#*j«Sr< . mmffttcTu-txxfo&tf. Ktm 

<7)iMfmti { MtfLZtiX\<->*i:Wz#>. ^x/Nffirtcoxy-f- 
y^mSi%H4^x-yf-y^a^oil3Stt^i:\ i7f 
y^'^tt^<7)S*^ScL<. **ro-feXT'«ffl-tl.± 

[0092] Hi eo-kzjvyT^J vf^T^y^yy 
<r>mxy^^yru^xcr)iLmz-o^xmm-th. fc? 
KZitiX-f&tzMZ. ]y=JX b 2 0 1 tzmftmuz*. o 
^:***{ttixS. ^>-'XNc7)Ttc{i. ^•fb^'J3y)12 
02. 1 ow-kI203, Ifty | j3yl204. T 
m<?)W&t%:&Ti&2 0 5imf&ZtlX\^&. itkMZ, 
l/y'Xh20 1 t^cOJ^KtMJCLitvX^ SrS^tfi 

ili: 5 5r-i>^b^U3yM2 0 2l,zU^Xb2 0 lcOyttc 
»*6LJtSPas*»*^*. iJcfc. ^^x h 2 0 1 
it. Ifty'J3y|S2 0 2<?D±t 1 ow-ki2 0 
6. lMkM2 0 7*»«-r4. ow-kI206 

[ 0 0 9 3 ] iJCtC. K-ftM2 0 7 ^±tC»iDXfflC0lx 
XV7X9 2 0 9in r %WBX'B'SS.L. 7°^X"7X.yf- 
y^"C"IHfcJS?2 0 7i: 1 ow-k|K2 0 6SrX.y-?-y^ 
■f*. >IW^(7)x-y^-y^'(i:. 1 ow-k!206C0T 
IfiCffl SfSXh -y J1—m<F> i mt i/'j3yi2 0 2T# 
±-fS. K<tK2 0 7$:S2 0 8£7)-?X^i:L. 
M'ftyU3y)ffi2 0 2$:y J v<7)-7X^i: LT77X7I7 
f-y^-t* t . f\2 1 0a*Jgj£3*l4. ftaKT*62 0 
5bcr>ny?7 b£W.htz&>. S-ft^'J 3VI2 0 4 £ 
x.yf-y^fS. ^Of*. BBPgU 0^2 10) 
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[0094] ^775^ yfi7^yy(07 , 7X 
^Steil^l&t^"^ 1 ow-k^fc?)3ItRJt£K< L 

[00 9 5] *^W-t5^T(i, low-kI206, 

2 0 3<?}X-y^ym0£**£ffl5Ey*^^i 

U fiJtSw^-^'-x-y-f yftmi-tzm. x.-yi-y? 

0.1s SKWBffl^J^TTOMifctdS^* ^ k 

ft*. xh7^-I«l^'J3Vl202 

^ 2 0 4 n m t VfcAT* S . 

[0096] #«HJi0*j£ ! ffljeirffi£ffl^* £ k K <fc 

Lfz#fmzjEmzm%.i-& z t sot. * 

h .y y O^f -> U 3 y 2 0 2 JiLkt-X -y -f- y 

[0097] *^tli. Ti&2 0 5<7)±^» 

j£S ft wafts' U 3>I2 0 4lX7fym»C*f 

^-A'-x-yfy/^it^i. x-y^-y^&^T-r 

4. *fKBO*ffiKJ:0. TJft2 0 5<ox-yf-y^^ 
77X7*>'M LTx -y f-VTV&'IM&l/C 

r contract L<{± 5 s ETTA'S* u^. -««t 
^mra-e^osv^^j^T^A^flg-r'^ & k . 1 

i 6 tf- A-x .y y7 , *cOiS^* r5 I^^^r 
0 . Tift2 0 5<7)BiJfti#J1BIT£ 
[0 0 98] iKC 017, 01 8te. ^yV7Dt 
^Ig^ffetf)0J£*L7ti><arj>£>. 017(x3f£:/G 

tSni-r^rn-fex. 0i 8(i7vS:*tini-rsro-fe 

XT'$>0, 017h018ti. ytSr^SDX-fi.** 

SfcHfCfc*. v^fft<0*§-££>. S«3 0 2, 1 o 
w-k!303. 1^^x1304. low-kH 
3 0 5. mti/V^yW.SOblBaFFmnWMhtt&T 

[ 0 0 9 9 ] 01 7Tii. . jtJnlffl^U-^X h7 
X? 3 0 1 £S#3S«"m£U 75X7X.yfy/t 
»ftflR3 0 2i: 1 ow-k!3035:l7fy/L. » 

3 0Sim&th. iiOB#<7)X-yf-y^(i. low-k 

H3 o 3«9TJft£ffi3-$-4* ^ »j n-mnm\js') ^y 



Ji3 0 4"Cffjhi-&. ifct. U^m?309li 

-?*?3 0 9£i&*-r6k. «3 i o*«$ni>. ft 

»fcTJft3 0 7 fctf>3>'* 7 b mfcy'J? 
o) £7A'5x?A*H££oE«tm*»*>i&*« ± 

[0 100] ifc. @18Ttt, jftJplfflWU^b 7 ? 
X7301 fcSfcEKflraBJSU r^X^X-yf-y^T' 
BMfclRfc 1 ow-klSivf^/U J* 3 1 OZBfc 
;«^X7f y/ii. low-kI305<OT 
ififcffi Sti^h-^ s°-Jl<7)Mft y'J3y!306tf 
ih-TS. mao:»7)l^XhV*?3 1 l£Kft 

3E«U r^X-vx-y^-y^SrffVM^xXbvx^S:^ 
k . «3 0 8*«£ft& . «*fcTifc3 07t 
<03y^^h*lRSfc«), iftj/'j3yR3 06*X7 

s. 

[01013017. 01 8«0y''7yy7D-fe^ : ift 

if. ^rax'^.w^^^T-^^^-t*^ . ®b#m 

U 3 >"K* T«x -y ?-y^#fcft£^LT HfJ&so*- 
y <-X -y f - y7*%mth ZtlZX*), >y 
fc7)3M03§*Jx.y^-yi/2rfP$iJL-. ««JK^rx-y^-y 

[0 102] ^C. @19»^T, 01 6OTt-7« 

-mxibhmt^iiywtz o 2*«sixt^>5rv^ 

-7X^*W?nfc^y'x h 4 o l , IHfcJH 02.1 

ow-kM4 0 3. Mft^';3yJR4 04. T«14 0 5 

^^ft^a^x-yf-y^-r-!.. *w>t=. a^u=» 

yM4 0 4^T-»-r-?./A4 0 6S: 1 ow-kffi4 0 3C 

AOlt-fh. Zcr>V : JXh4 0 7 Sr-7X^ tol&iDl 
1 ow-k^4 0 3^Bff5gW?t^$* i; ®^5^ 
Ai^TX-y^-y^tffi-fS. 101 ow-k|40 
3IJ-*4»t, Sft^U aylClL^^l^i 
-fSi^^^JStit'^^rv^. LfztfiX^ x-y-^-y 

yajK^^a^tTfc^. x.y^-y^B#rasr«a-r^ 

^i;-t1«?H$tTX.y^y^^»fi'f h. Z\<T)ijhiS<7)X 

••/^■yyii, r}3^)\^ift(?)^>yj-yy&igi%^&.i5kXJ : 
[0103] ^WnnmgMfeisAf Act) J; 3 K^felBr 

*^x -y y^m<n^m ) £ t, fusg-r s z. t t^m* 

9. iOSWaiSftiXj&nsjffifciS. -r=5r*>^« 02 
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501, Iow-ki502.fll503. 1 ow-k 
§£504. m.fci>-V3>m5 0 5. Tifi5 0 6*^^ 
3ilfcffl*3ii:-*'&. iWB*. low-kI502tl 

ow -ki504 tiii!ai<o»*rsfl^«*«fifc -r & . 

1 ow-kI5 0 4«Lti. -JJRJBJfc£+BrL 
D«tL. Iow-kl5 0 2t5 0 4«:#15 
®5 0 Sa^^ftTV&kWX ««aBWPH±^Tffi 

[oi 04] act. ;«ur7X7i7fy^t5 
wanning* 1 f,x^-M.#B503 tcaiss 

mi± , 5 0 3 ox y f - y T-ttttfflB* rar»T*- & <o 

Co 1 05] mz, -tivyru vov97 bfflM^<?> 
xmwmmmz^'?, 02 iuw75^3^ 

7 ht7)X .y^-y^HlJ«lfT®ia - C$> , 3. 02 2 fix • y^V 

WMffitS. O^T'hS ^SBSttl£tt$*U U V/77 

a*-5-*\ u y^57< offisxwc^i^**^ < 

[0 1 0 6] 02 l«W7^X3y^?Mi, 1/ 
•>'Xh60K T E O S^B P S G&fc" OBHfc§l6 0 
2. SOG3riftf>&flja6 0 3, mit^'J^VB.60 
4, TJft605. h 6 0 6<7)]11fiifc : 5:oTV>&. 

y- h 6 o 6 wiaawHS: =» ? h 

0 . *|Qt«<olBf»af »±. 3^ 'J 3 yjK 6 0 4 Cft 
JS6 0 7*«»J£S<1TV^. Lfc^t. BMtW6 0 2 
COX -y j-vfmT Lfcft, Mfc^ U rj yjfi 6 0 7 <0» 



*Ig*^STfe & * WT^^y^y^^h $£OX 

jftS&3*iTV**03T\ ^Tiix-y^-y^ovvtcT) 

[0 107] x-yf-y^OfRSti* 02 2£tpL*:±'5 
PxX htf)3fa£ ( 6 0 7fc*HE) ^fflfttfRTC* 
& ; fc *K M-fky U n yK 6 o 4 oWogfcfr 6 0 8 
ixt L£ 3 raS^ if** * & . * BHfcJRx -y ^ y 
Xvf y^£i*9&L*5£LT^i>i:. x-yf-y^ 

srtfficofflflK^tatt ufc o , rt*^>x f- v?a^*? 

Oi^xW^mSsmsXL LtzVt^ J; 0 . x -y 

-y 7 1 mi tLb Z. 1 1> h h . X -y f-X h v TA«i- & 

[0108] **W<0»^i*IS^^-rAfefH^«:*^ 
«i«a-cr5Xv»3fe?5SEft;, ^b*.x-y^-y^ 

^kiOffl^^^J^*^*'^^- MA^x-y^-y^ftt 

0 2 1 OttSRTX -y j-V/Zmitk Ltift&fr feMftJS 6 

o 2^x-y^y^'itfi : t, «ftl»6 o 3OT±ffi (BMb 

1602 tK^M6 o 3<am) KML-kvm&w&i- 

S. i^7-'-^fc^PJ^^^'?'K^6 0 2cOMiP 
36»tx-yf-y^OftSE***. ^-ix$:®-ft^6 0 2OX>y 

* tz . Ztit X'^zx. v^-v-7 L?ti§-£<7)x > y f - y 
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